Background Although olaparib, the first poly (adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitor approved, has been used in routine clinical practice for over three years, little has been published on its uptake, utilization patterns, and clinical outcomes. Objective To examine real-world use and outcomes of olaparib treatment in Swedish patients during the first three years following regulatory approval. Patients and Methods This is a population-based cohort study using data from the Swedish national registers. All individuals initiating olaparib treatment from regulatory approval to 31 December 2017 were included. The extent of off-label use was assessed based on recorded diagnoses. Ovarian cancer patients were followed until death or the end of the study period. Starting dose and dose adjustments were assessed. Time to olaparib discontinuation and overall survival were plotted using Kaplan-Meier survival curves.
Introduction
The oncology research and development pipeline has seen a steady growth over the past 20 years with scientific advances paving the way for innovative approaches to treat cancer. Targeted drugs, including small molecule inhibitors and biologicals targeting oncogenic pathways and immune checkpoints, are now estimated to account for over 90% of oncology drugs in late phase clinical development [1] . Of drugs targeting DNA repair, poly (adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitors have been studied most extensively [2] . To date, four PARP inhibitors-olaparib (Lynparza), niraparib (Zejula), rucaparib (Rubraca), and most recently, talazoparib (Talzenna)-have received regulatory approval.
Olaparib was the first PARP inhibitor to come to market. It was approved in 2014 by the European Medicines Agency (EMA) as a capsule formulation for women with BRCAmutated platinum-sensitive relapsed high grade serous ovarian cancer; this approval was based on the results from a phase II study (Study 19) [3, 4] . In 2018, based on results from SOLO-2 [5] , EMA approved a new tablet formulation of olaparib, making the drug available for a broader group of women with platinum-sensitive relapsed high grade ovarian cancer regardless of BRCA status. Also, a marketing authorization application for the use of olaparib tablets in patients with BRCAmutated, HER2-negative metastatic breast cancer was recently submitted to EMA [6] . In the United States, in addition to ovarian cancer, olaparib has been approved to treat germline BRCA-mutated metastatic breast cancer (based on the OlympiAD study) [7, 8] . Also, in the SOLO-1 trial olaparib demonstrated a significant and clinically meaningful improvement in reducing the risk of progression for newly-diagnosed patients with advanced BRCA-mutated ovarian cancer following platinum-based chemotherapy, [9] and it is expected that approval from regulatory authorities will now be sought to expand the use of olaparib to these patients [10] . Moreover, olaparib is currently being tested in a range of tumor types in addition to ovarian and breast, including prostate and pancreatic cancers [11] . Finally, PARP inhibitors, including olaparib, may even hold therapeutic potential in non-oncological diseases [12] .
Although olaparib has been used in routine clinical practice for over three years, little has been published on its uptake, utilization patterns, and clinical outcomes. However, timely analyses of accumulated real-world data are necessary to inform stakeholders, including patients, clinicians, payers, and regulators [13] [14] [15] . It also is of general interest to explore whether already established data sources can be used to generate real-world evidence on new cancer drugs. The aim of this study was to describe patient characteristics, assess the extent of off-label use, review dose interruptions, dose reductions, and use of concomitant medicinal products for managing side effects, and assess time to discontinuation and overall survival in patients treated with olaparib during the first three years following regulatory approval.
Methods

Study Design
This is a population-based cohort study of all individuals residing in Sweden who were treated with olaparib from regulatory approval to 31 December 2017. The study was approved by the regional ethics board in Stockholm, Sweden (ref. no. 2012-1236-31-4; amendment no. 2015-1790-32). Informed consent was not obtained (and not required by the ethics board) because the data were anonymized before we were given access to them.
Data Sources
All data used in this study were obtained from the Swedish national population-based registers [16, 17] . Data from the registers were linked using a unique personal identification number. The data were provided by the Swedish National Board of Health and Welfare and Statistics Sweden in April 2018 and included all information recorded from 1 January 2005 to 31 December 2017 (data from the Cancer Register were only available until 31 December 2016).
We used the National Patient Register to obtain information on diagnoses (International Classification of Diseases [ICD]-10) and procedures (Swedish Classification of Health Interventions and the Nordic Medico-Statistical Committee [NOMESCO] codes) recorded in inpatient and outpatient specialist care. Outpatient drug utilization records (dispensations of prescribed drugs) were derived from the Prescribed Drug Register. The Cancer Register was used to retrieve information on primary cancers that in Sweden are mandatorily reported upon detection, including information on the primary site of the tumor, its malignancy, histology, stage, and the date of diagnosis. Mortality data were derived from the Causes of Death Register. Data on migration were retrieved from the Total Population Register.
Moreover, we also obtained aggregate monthly data on hospital sales of olaparib from 1 December 2014 to 31 December 2017 to estimate use of olaparib not captured at the individual level. These data were provided by the eHealth Agency that records complete pharmaceutical sales data from all pharmacies, retailers, and wholesalers in Sweden [18] .
Study Population
All patients in Sweden who were dispensed olaparib (ATC code: L01XX46) from regulatory approval to 31 December 2017 were included in the study population. The index date was defined as the date of the first olaparib dispensation for each patient.
Patients' data were available as far back as 1 January 2005 (the starting date for the data cut used in this study). Patients were followed from the index date until the earliest of the following: emigration, death, or the end of the study period (31 December 2017).
Assessment of Clinical Indications and Off-Label Use
During the study period olaparib was approved in the European Union for use as monotherapy for the maintenance treatment of adult patients with platinum-sensitive relapsed BRCA-mutated ovarian (including fallopian tube or primary peritoneal) cancer who are in response (complete or partial) to platinum-based chemotherapy. In parallel, evidence from clinical trials was emerging in support of olaparib use in a broader group of ovarian cancer patients regardless of BRCA status [5] , as well as in breast cancer [7] . To determine the indication that olaparib was prescribed for, we reviewed diagnoses and procedures recorded in the National Patient Register as well as data reported to the Cancer Register. Moreover, free-text documentation on directions for use in the Prescribed Drug Register was reviewed for information on the indication for which the drug was prescribed.
To quantify the use of olaparib in patients with ovarian (including fallopian tube and peritoneal) cancer, we first reviewed data reported to the Cancer Register to identify all patients with primary ovarian (C56.9), fallopian tube (C57.0, C57.9), or peritoneal (C48.2) cancer. Moreover, patients with diagnoses of ovarian, fallopian tube, or peritoneal cancer recorded in the National Patient Register were also classified as treated for ovarian cancer. Finally, if the directions for use information in the Prescribed Drug Register specified that olaparib was prescribed for ovarian cancer, and the recorded diagnoses and procedures were in line with this, the use of olaparib was also attributed to the treatment of ovarian cancer.
We then explored whether data from the Swedish national registers would allow us to discern if olaparib was used in BRCA-positive and platinum-sensitive ovarian cancer patients. Various proxies for being BRCA-positive were explored, including procedure codes related to genetic testing (AV070, AV071, DV026, ZV017, ZV018), comorbid breast cancer diagnosis (C50*; Z85.3), and family history of breast (Z80.3) and/or gynecological (Z80.4) cancer. Proxies for prior platinum-based therapy were based on diagnostic (Z08.2, Z51.1) and procedure (DT008, DT016, DT026, DT108, DT116) codes as well as ATC codes (L01XA**) recorded in the National Patient Register.
The use of olaparib for other cancers was considered offlabel. Assessment of olaparib use and treatment outcomes, as described below, was restricted to patients with ovarian cancer.
Assessment of Olaparib Use
Data on olaparib dispensations were derived from the Prescribed Drug Register. Only one olaparib product was available on the Swedish market during the study period (hard capsules, 50 mg; dispensed in a pack of 448 capsules [4 bottles of 112 capsules]). We retrieved information on olaparib prescription and dispensation dates, amount dispensed, and directions for use as prescribed. The directions for use variable is a free text variable that typically contains instructions on how to take the prescribed drug as specified by the prescriber; for example, B400 mg (eight capsules) twice a day^.
We assessed the prescribed starting dose as well as dose adjustments made throughout the course of olaparib treatment. We assumed that the date when a new prescription with new directions for use was issued would reflect the date from which the patient would be advised to adjust the dosing regimen and that any remaining supply from the previous prescription would be used in line with the new directions for use starting on this date.
Duration of olaparib exposure was estimated using the dispensation date together with the number of dispensed packages and the directions for use. Based on an assumption that patients fully adhered to the prescribed regimen, we flagged intervals without olaparib supply as possible dose interruptions. However, considering that some patients may have lowered the dose without this being reflected in the records, we also explored an alternative scenario in which intervals without olaparib supply could also be explained by dose reductions (as the dispensed supply taken at a lower dose would have lasted for a longer period).
We also described utilization of metoclopramide (A03FA01) and ondansetron (A04AA01) that are typically used in Sweden to manage nausea and vomiting in cancer patients.
Assessment of Olaparib Treatment Outcomes
We assessed the following treatment outcomes: time to olaparib discontinuation and overall survival. Time to olaparib discontinuation was defined as time from the index date to the end of supply of dispensed olaparib or death. The end of olaparib supply was considered to be a discontinuation if it was followed by a number of days equaling the sum of the amount of supply dispensed at the date of the last dispensation and any stockpiled supply remaining at the date with no new dispensations recorded. Overall survival was defined as time from the index date to the date of death from any cause. Patients remaining on olaparib at the end of the study period were censored.
Statistical Analyses
Descriptive statistics were used to summarize data on baseline characteristics of the study population. For categorical variables, we reported frequencies and proportions. For continuous variables, we reported the median and range. Time to olaparib discontinuation and overall survival were plotted using Kaplan-Meier curves. Data management and analyses were conducted using SAS 9.4 (Cary, NC).
Results
We identified 109 patients to whom olaparib was dispensed during the study period (in total 858 packs dispensed). Our review of the aggregate monthly sales data showed that an additional 105 packs, which could not be attributed to individual patients, were purchased by hospitals during the same period. No use was recorded prior to the date of olaparib inclusion in the pharmaceutical benefits scheme (25 February 2015) .
All patients had at least two years of continuous residence in Sweden prior to the index date and almost all (95%) resided in Sweden from 1 January 2005 or earlier. None of the study patients emigrated during the follow-up period. Thus, we were able to follow all patients until either death or the end of the study period (31 December 2017). The median follow-up time among all patients was 319 days (range: 10-1038).
Clinical Indications and Off-Label Use
Among the 109 patients, 89 had ovarian, fallopian tube, or peritoneal cancer reported to the Cancer Register, with the majority diagnosed at advanced stages (FIGO III or IV). Median time from cancer being recorded in the Cancer Register to the first dispensation of olaparib was three years and one month (ranging from one year and four months to over 12 years). Moreover, an additional eleven patients had diagnoses of ovarian, fallopian tube, or peritoneal cancer recorded in the National Patient Register. The remaining nine patients were prescribed olaparib for either breast or prostate cancer. In total, 100 patients were assumed to be treated for ovarian cancer based on the recorded data. The median follow-up time among the ovarian cancer patients was 396 days (range: 31-1038). Baseline characteristics of these patients are presented in Table 1 .
Procedure codes related to genetic testing were found in the records of 28 patients. Of these, 19 had procedure codes indicating possible BRCA1/2 testing prior to olaparib therapy (timing ranged from three months to almost eight years prior to olaparib). Twenty-eight patients (28%) were diagnosed with breast cancer prior to ovarian cancer. Family history of breast cancer, gynecological cancer, or both was recorded in 53%, 27%, and 25% of patients, respectively. Of the 28 patients with recorded procedure codes related to genetic testing, 16 had a personal history of breast cancer and 26 had recorded family history of either breast or gynecological cancer (visualization of these data is available in the electronic supplementary material).
Diagnostic and procedure codes related to chemotherapy were recorded in 75% and 93% of patients, respectively. In total, 96 had either diagnostic or procedure codes suggesting administration of chemotherapy. Of these, only 32 patients had a record specifying that they had been treated with platinum-based chemotherapy prior to being dispensed olaparib. The timing of the most recent platinum-based chemotherapy record before olaparib ranged from one month to almost six years.
Dose Adjustments
At the time of olaparib initiation, the majority of ovarian cancer patients (96 out of 100) started on the recommended dose of 400 mg (eight capsules) taken twice daily. A new prescription for a reduced dose was issued to 14 patients (14%) after a median of 78 days (range: 20-344). In addition, we observed dispensation patterns indicative of possible dose reductions in at least 13 more patients. Overall, 59 patients had possible intervals without olaparib supply that ranged from one to 74 days. Finally, during the course of olaparib treatment, 36 patients were dispensed either metoclopramide or ondansetron.
Time to Treatment Discontinuation and Overall Survival
Fifty-seven patients discontinued olaparib during the followup period. Median time to discontinuation was 289 days (95% confidence interval [CI]: 226; 338) (Fig. 1 ). Among patients who had more than one year of follow-up data, 44% were receiving olaparib for at least one year. Among patients who had more than two years of follow-up data, 33% were receiving olaparib for at least two years.
Twenty-six patients died during the follow-up period, with the majority of these being off olaparib treatment at the time of death. Median overall survival from olaparib initiation was 1002 days (95% CI: 676; not calculable) (Fig. 2) .
Discussion
In the first three years following its regulatory approval in December 2014, olaparib was used in 100 ovarian cancer patients in Sweden (all receiving cancer care, directly or indirectly, at university hospitals). Median time to olaparib discontinuation was 9.5 months. Dose reductions were explicitly recorded in 14 patients (only five of these would discontinue olaparib right after reducing the dose) and dispensation patterns indicative of possible dose reductions were observed in at least 13 more patients (combined, at least 27% had to either reduce the dose or interrupt treatment). Most patients continued on olaparib after dose reductions or treatment interruptions. In addition to its use in ovarian cancer, olaparib was also prescribed off-label to a small number of breast or prostate cancer patients.
To our knowledge, this is the first population-based study of olaparib real-world use and outcomes. Other real-world data available so far come from manufacturer-funded studies, to date presented only as conference abstracts. A study of French patients who received olaparib through a compassionate use programme showed that olaparib was well tolerated [19] . Interim results of the non-interventional C-PATROL study in Germany [20] indicated that while it was common for patients to experience adverse events-particularly anemia, nausea, and fatigue-the toxicity of olaparib was manageable and the drug was well tolerated [21] . There is also an ongoing phase IV study of olaparib effectiveness and safety (ORZORA), however no results have yet been presented [22, 23] . Our study is different from C-PATROL and ORZORA in terms of the questions addressed (assessment of olaparib use in routine clinical practice versus assessment of effectiveness and safety of olaparib when used according to the approved indication), data sources used (secondary data versus primary data collection), and outcomes measured (e.g. time to treatment discontinuation versus progression free survival [PFS] ).
Using data from the Swedish national registers, we were able to measure time to treatment discontinuation and overall survival. These endpoints were studied as secondary outcomes in Study 19 as well as in C-PATROL and ORZORA. While we explored the possibility of estimating real-world PFS that would correspond to the primary endpoint in the pivotal trial and in the other real-world studies, it became clear that the data routinely recorded in the Swedish national registers are not sufficient for this purpose.
Compared to the median time to olaparib discontinuation among BRCA-positive patients reported in Study 19 (11 months) [24] , Swedish patients discontinued olaparib treatment earlier (9.5 months). However, in Study 19 patients were allowed to continue treatment even after documented progression, but such practice is not in line with the approved indication and it is unlikely that our study patients would have continued olaparib treatment after progression. While time to discontinuation is a composite endpoint that comprises discontinuations for any reason, it can nonetheless be considered a possible proxy for PFS, particularly if patients mainly discontinue due to progression. While we were not able to determine the reasons for discontinuation, the only real-world study so far reporting such data (C-PATROL) showed that most patients (82%) stopped olaparib due to progression, with few discontinuing due to an adverse event [21] . It may be that disease progression was the dominant reason leading to discontinuation in our study patients too. If considering our estimate as a proxy it should be kept in mind that it may both underestimate and overestimate real-world PFS. For example, the former would occur in patients who stopped treatment for any reason other than progression prior to actual progression; the latter would be seen in patients who progressed while still having stockpiled olaparib (in general, it is unlikely that patients who progress do so on the very last day of their dispensed supply).
Our estimate of median overall survival is similar to what was reported in Study 19 (33 versus 35 months) . Only a few patients died while on olaparib treatment and the majority exhausted their dispensed olaparib supply prior to their death, possibly receiving subsequent chemotherapy during the post-olaparib period. Given that a large number of patients (74%) were alive at the end of the study, our overall survival estimate should be interpreted with caution.
In addition to the above discussed endpoints, our study assessed how olaparib was used in Swedish routine clinical practice in the first years on the market. The characteristics of ovarian cancer patients that we were able to derive were similar to those of the patients included in Study 19. We saw that olaparib was also adopted off-label, particularly in breast cancer, even though evidence supporting such use was still limited at the time. Moreover, the uptake in ovarian cancer may have been somewhat slower than expected. At the time of the olaparib introduction in Sweden it was anticipated that 50 to 75 patients per year would be treated (equating to 150 to 225 accrued in the first three years on market) [25] compared to 100 patients with ovarian cancer who actually were dispensed olaparib. One possible explanation for this discrepancy is that routines for BRCA1/2 genetic testing may have been insufficient to identify all patients who would be candidates for olaparib treatment.
The strengths and weaknesses of our study primarily relate to the data sources we used. We included all patients dispensed olaparib in Sweden. This allowed estimating the extent of off-label olaparib use. Moreover, we were able to follow up all patients until either death or the end of the study period. Linkage to high-quality death records [26] made it possible to estimate overall survival.
Data on dispensations of prescribed drugs from the Prescribed Drug Register [27] , which have been extensively used in research [28] , allowed us to review dose adjustments made during the course of olaparib treatment, to assess concomitant use of medicines to manage side effects, and, importantly, to estimate time to olaparib discontinuation. These data, however, cover only prescribed drugs dispensed in pharmacies. While our review of sales data did show that some in-hospital use of olaparib occurred during the study period, the dispensation data nonetheless captured 89% of all olaparib use in Sweden. Also, dose adjustments could be reliably captured only if a new prescription with new directions for use was issued. Our exploratory analyses based on a review of the entire dispensation pattern suggest that it is likely that around one third of the study patients had to either reduce the dose or interrupt treatment. Also, no data on reasons for discontinuation were available, leaving a gap in our understanding regarding why exactly patients discontinue treatment. Likewise, no information on reasons for dose reductions was available either.
Despite the obvious richness of data collected in the Swedish national registers, clinical information is scarce. While the Cancer Register does record extended information on reported cancers (e.g. histological type, stage, and basis for diagnosis) [29] , most of the variables in the National Patient Register are of administrative nature. However, diagnosis and procedure codes allowed us to explore patient interaction with the healthcare system [30] . We found, though, that despite the existence of these fields that could be used to capture data on administered chemotherapy (including the possibility to specify ATC codes), information on chemotherapy was either inconsistently recorded or missing completely. Similarly, despite the existence of procedure codes for genetic testing and genetic counseling, less than one third of patients had such codes present in their records, most likely explained by incomplete recording (as there was no specific incentive to record these data) rather than the absence of services provided (national guidelines in Sweden recommend genetic testing, which is publicly funded, for all patients with high grade serous ovarian cancer [31] ). While a record of a procedure code for genetic testing would still not specify BRCA status, such information could still be of interest (e.g. it would be expected that all patients treated with olaparib had been tested prior to treatment). Other relevant clinical information, including performance status, time to progression on penultimate platinum therapy, and response to the most recent platinum therapy prior to olaparib initiation, was not available to us, making it difficult both to fully assess whether olaparib was used according to the approved indication and to compare the patients included in our study to those who participated in Study 19. It is possible, for example, that ovarian cancer patients receiving olaparib in Swedish routine clinical practice had worse performance status compared with the participants in Study 19. Lack of information on BRCA status and chemotherapy administered in hospitals also prevented us from identifying all ovarian cancer patients potentially eligible for olaparib treatment and studying if all who would benefit from olaparib received treatment.
Additionally, it is possible that we both underestimate and overestimate the duration of olaparib treatment. Time to olaparib discontinuation would be underestimated in patients who were on a lower dose than specified in the directions for use of the dispensed prescription and overestimated in patients who stopped treatment before exhausting the supply dispensed to them. Finally, our study population is rather small, which is, however, expected for an orphan medicine (during the study period olaparib had orphan designation). All patients dispensed olaparib in Sweden were included with the total number reaching 100 (in Study 19 there were 136 patients assigned to olaparib). Lack of data maturity creates uncertainty in our estimates, particularly for overall survival. In general, this highlights the importance of balancing the desire to have information on real-world use and, in particular, treatment outcomes early on after the introduction of a new drug, with allowing for sufficient follow-up time to accrue.
It is possible that some of the above-mentioned limitations could have been addressed if there was access to data from electronic health records (EHRs). There are encouraging examples of the use of EHRs in the follow-up of new cancer drugs. For example, studies in the United States showed the possibility of estimating real-world PFS based on EHR data [32, 33] . In Sweden EHRs have been implemented nationally since 2012, but access to these data, particularly at the national level, is not straightforward [34] . Studies in other therapeutic areas done at a regional level, however, have already demonstrated that EHRs enrich data recorded in the Swedish national registers to enable a broader range of research questions to be addressed [35] [36] [37] .
To summarize, this is the first population-based study of olaparib real-world use and outcomes. In the first three years following regulatory approval, olaparib was mainly prescribed to ovarian cancer patients who stayed on treatment for a median of 9.5 months. The treatment appeared to be well tolerated. More broadly, this study also highlights both opportunities and challenges in the assessment of real-world use and outcomes of new cancer drugs.
